. The visible absorption spectrum of the purified enzyme in 50 mM potassium phosphate buffer, pH 6.8, exhibits a typical catalase spectrum with a Soret peak at 407 nm and minor peaks at 501 and 628 nm (14, 15) .
Two thousand plaques of a previously described B. abortus 19 genomic lambda library (9) were replica plated and screened with rabbit antiserum prepared against the purified enzyme. Six positive plaques were identified. DNAs from these lambda clones were isolated and digested with various restriction enzymes. The resultant restriction maps each exhibited a common region of overlap. A 9-kb KjpnI fragment from one of these clones containing the region of overlap was subcloned into pUC119 (18) . This subclone was named pCAT9. Nondenaturing gel electrophoresis showed expression of a new catalase activity in E. coli TG1. pCAT9 was further subcloned, and approximately 2 kb containing the catalase coding region was sequenced by the chain termination method (13), using a combination of subclones and synthetic oligonucleotide primers. All sequences were determined with an Applied Biosystems (Foster City, Calif.) DNA sequencer and have been confirmed by a minimum of three independent runs in each direction. The sequence (Fig. 2) is used in vivo, assuming the terminal methionine was removed and that no N-terminal peptide was cleaved from the protein during export to the periplasm in B. abortus.
There are two distinct bacterial enzyme families with catalase activity which have been described. These are characterized as true catalases (EC 1.11.1.6) and catalase-peroxidases (EC 1.11.1.7). The gene families are not sequence related.
True catalases are found widely among both prokaryotes and eukaryotes, while catalase-peroxidases are restricted to bacteria. E. coli and closely related enteric bacteria express both a true catalase, HPII, which is reported to be cytoplasmic, and a catalase-peroxidase, HPI, which is reported to be periplasmic (6) . The predicted amino acid sequence of the B. abortus catalase exhibits 49% sequence identity and 67% sequence similarity with human kidney catalase (2), 41% identity and 61% similarity with E. coli HPII, and little or no homology with members of the bacterial catalase-peroxidase gene family, including E. coli HPI (17) .
The evidence indicating export to the periplasm in the absence of a cleaved signal sequence is very unusual and is reminiscent of the import of catalase into the eukaryotic peroxisome (5, 8, 10) . In a wide variety of eukaryotes, the signal required for the ATP-dependent import of catalase into the peroxisome is the amino acid sequence (Ser/Ala)-(Lys/Arg/ His)-(Leu/Ile), the so-called SKL sequence located near the C terminus of the polypeptide. This sequence motif is not found near the C terminus of the Brucella sequence, but if a similar mechanism is active in Brucella species, extensive sequence divergence may have rendered the signal unrecognizable. Pseudomonas syringae has also been reported to express a periplasmic true catalase (7), but this enzyme apparently possesses a typical N-terminal signal sequence (6a).
The lack of evidence for more than one B. abortus catalase activity is also interesting. Presumably, the bacterium requires a mechanism for removal of cytoplasmic hydrogen peroxide when growing aerobically, and we can only demonstrate the presence of periplasmic catalase activity. Perhaps B. abortus relies on an unidentified peroxidase to detoxify hydrogen peroxide in the cytoplasm. The situation may be analogous to that for mammalian mitochondria which rely on glutathione peroxidase rather than catalase to remove H202 produced by respiration (12) .
Nucleotide sequence accession number. The GenBank accession number for the catalase coding region sequence determined in this study is U11439.
